5. Effect of functional and basis set: the case of 7-membered ring.
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1.-Mapping expressions for linear, helical and circular arrangements.
From a general point of view, and assuming the physics of the problem can be described correctly by means of the HDVV spin Hamiltonian, the procedure used to extract the coupling constant consists in mapping the diagonal elements of the HDVV Hamiltonian to the energy expectation value of the high spin and of the different broken symmetry (BS) solutions. Within the present approach the number of different broken symmetry (BS) solutions for a given multiplicity can be calculated using the binomial coefficient , where is the number of magnetic centres and the number of beta spin densities. For instance, for a = 6 system, the spin multiplicities range from septet, quartet and doublet, which corresponds to = 0, 1 2. Thus, there are 6,1 = 6! 1!(6−1)! = 6 different ways of having one beta density in a six-membered system. As usual the high spin state is referred to as ferromagnetic (FM) and the different BS solutions correspond to antiferromagnetic (AFM) arrangements.
Due to the large amount of solutions which are possible for each of the cases studied it is convenient to find a way to express the energy differences between the FM and AFM solutions in a more compact manner, applicable to all investigated systems.
To this end we make use of three convenient choices. First, we refer all energy differences to the FM solution. Second, we assume that all solutions correspond to situations in which we progressively increase the number of consecutive spin-down (beta) densities (located at the extreme of the molecules for linear and helical cases); i indicates the number of beta densities in the molecule. Thus, 5 would correspond to a state with 5 consecutive beta densities at one of the extremes of the molecule.
Third, we also assume that the number of centres present in the molecule allows for the same number of second nearest neighbour interactions in linear and circular cases and fourth nearest neighbour interactions for the helix. This is fulfilled for ≥ 4 and ≥ 7 for linear and helical cases, respectively. Using only these solutions, the energy differences between and ( ) can be expressed in terms of the coefficients presented in table SI1 as discussed in more detail below. Table SI1 . Coefficients to use in eq(2), eq(4) and eq(6). 1  2  3  4  1  1  1  1  1  2  1  2  2  2  3  1  2  3  3  4  1  2  3  4  5  1  2  3  4 Index is associated to the order of the nearest interacting neighbour whereas index refers to how many consecutive beta centres are in the extreme. In order to clarify the choice of ≥ 4 and ≥ 7 for linear and helical cases, let us take the case of = 6 in a linear arrangement. In this situation we would have the following solutions:
It is then clear that for 3 , the third consecutive -spin does not have a fourth nearest neighbour, which makes the entries in Table SI1 not applicable. For < 4 and < 7 in linear and helical cases, the energy expressions are obtained in the same manner; it is just that there is not a unified expression for all of them.
The DFT-calculated solutions not always correspond to consecutive densities at one of the extremes. Common scenarios involve consecutive densities in the middle of the molecule (in linear and helical cases), consecutive density sets at each of the extremes or randomly alternated densities. Those are generically labelled as * and the correct ordering of and densities is indicated where appropriate.
Systems with borders: linear and helical.
Linear case.
Assuming second neighbours interactions only, the HDVV Hamiltonian can be expressed as
Which translates into the following energy difference expressions for any linear system
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Where the coefficients A can be obtained from Helical case.
Assuming fourth neighbours interactions only, the HDVV Hamiltonian can be expressed as
Which translates into the following energy difference expressions for any helical system
Where the coefficients can be obtained from Table SI1 and 1 , 2 , 3 and 4 are the first, second, third and fourth nearest neighbours exchange coupling constants, respectively. Again, we have to recall that all solutions correspond to situations in which we progressively increase the number of consecutive beta densities located at the extreme of the molecules.
Systems without borders: Rings.
Here the A coefficients can be also obtained from Table SI1 and 1 and 2 are the first and second nearest neighbours exchange coupling constants, respectively. It is important to recall that all ( ) solutions correspond to situations in which we progressively increase the number of consecutive beta densities located at the extreme of the molecules.
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Which translates into the following energy difference expressions for any circular
Where 1 and 2 are the first and second nearest neighbours exchange coupling constants, respectively. Note that Eq. (6) is just twice Eq. (2). Supporting Information Figure SI1 . Density plots ( -blue; -green) of the different FM and (1 ≤ ≤ 5) found for the linear = 10 case. y-axis represents the energy difference referred to the FM ground state and x-axis the number of carbon-centred radicals with beta density. As observed, each phenyl ring without spin density implies a ~1000 cm -1 of destabilization. Now, by taking the case in which ≥ 4, for an helix with more than 8 centres, all are degenerate according to Eq (3). However, by looking at Table SI3 , the entry for = 12 clearly shows that this is not the case. Therefore, one should consider higher order terms like three-or four-body interactions, which is currently under investigation.
Linear:
Helical:
In order to facilitate the explanation, we take as an example the case with = 9.
For this system, 2 * , 3 * and 4 * correspond to the solutions | ⟩, | ⟩ and | ⟩, respectively. The reported values in the main text have been obtained using the set of equations
It is worth noting that using the different available sets of equations provides a different set of magnetic coupling constants; whereas 1 and 2 remain the same, 3 and 4 present important variations ranging from -1245 and 454 to -679 and 113 cm -1 . Similar variations are also found for the rest of helical structures.
Also, let us highlight the form of * solutions for the case of = 14.
Assuming the same ordering of radical centres along the molecule, those would be
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Table SI 4 presents the calculated exchange coupling constant values for some representative cases in the series although this is not the main issue here due to the lack of experimental data to compare with. For the linear cases, we consider first and second nearest neighbour interactions (〈 , = + 1,2〉) whereas for the helical case it is required to include up to the fourth nearest neighbour (〈 , = + 1,2,3,4〉). This is due to the corresponding short distance between the magnetic centres in the helix (~5, ~6, ~4 and ~4.5 Å, for 1 st , 2 nd , 3 rd and 4 th nearest neighbour respectively). For more detailed information on the different magnetic solutions, the reader is referred to sections 2 and 3 of the supporting information. As observed, the magnetic coupling constants in the linear molecules remain practically the same throughout the series, where 1 is an order of magnitude larger than 2 and of opposed sign. These values are also consistent when using AFM solutions that display alternate spin down centres. The situation is less clear for the helical arrangement, as there is a significant variation in the magnitude and sign of the different two body terms with the number of centres. This might indicate possible differential effects associated with odd and even number of unpaired electrons. Additionally, depending on which DFT-computed energies are used to solve the spectrum, one finds a large variation on 3 and 4 (see section 3 in the SI). This is consistent with the fact that the topological AFM solutions that should be degenerate according to the present mapping, show considerable splitting when the corresponding solutions are numerically obtained. These results point to the fact that the low-lying magnetic states of these helical structures cannot be described by the simple HDVV model spin Hamiltonian. A more accurate description would then require including higher order terms in the spin model Hamiltonian such as four body terms, and perhaps anisotropic D tensor to account for the spin-spin contribution to magnetic anisotropy. The crucial point here is, however, the consistent prediction of a helical-induced stabilization of the FM ground state in all cases that can be safely addressed considering the HDVV spin model Hamiltonian to classify and compare the different spin solutions.
Table SI 4. Energy difference (in cm
-1 ) between the FM ground state and lowest excited AFM solutions, calculated per number of magnetic centres ( ) in each of the linear and helical minima. Middle column shows the stabilization energy (in kcal mol -1 ) per magnetic centre gained when the helical conformation is adopted as compared to the linear arrangement. Rightmost column presents the calculated magnetic coupling constants (in cm -1 ) for both linear and helical systems. * indicates that solutions with all consecutive spin-down in one of the chain extremes were not converged. 
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5.
Effect of functional and basis set: the case of 7-membered ring.
For the 7-centres ring, we have investigated the effect of the functional on the predicted structures and the energy differences between the ferro-and the relevant antiferromagnetic solutions. For the latter, we have also studied the impact introduced by a triple-ζ polarized quality basis set. Table SI 11 presents the results. Table SI 11. a) RMDS values in Å comparing the predicted optimized geometries by the different functionals with respect B3LYP, using a 6-31G(d,p) basis set, for minimum 1. The following three lines indicate the energy difference in cm -1 between the ferro-and the antiferromagnetic solutions with consecutive -spin densities obtained with 6-31G(d,p) / cc-pVTZ basis sets. Last row indicates the energy difference per number of magnetic centres in cm -1 between the ground ferromagnetic state and the lowest in energy antiferromagnetic solution. b) RMDS values in Å comparing the predicted optimized geometries by the different functionals with respect B3LYP, using a 6-31G(d,p) basis set, for minimum 2. Last row indicates the energy difference in Kcal/mol between the predicted local minima 1 to 2, as predicted by the different functionals with the 6-31G(d,p) basis set. 
